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Abstract 
Context-aware services are one of the most typical services of pervasive computing, which seamlessly connect real and cyber 
worlds.  There have been many laboratory-level attempts to provide context-aware services. However, there has been a gap 
between experimental and real spaces.  In fact, context-aware services in real spaces suffer from a variety of problems, which 
have not been discussed in academic research.  This paper addresses such problems. It describes experiences learned from our 
experiments on context-aware services in real public spaces, e.g., museums, and proposes solutions to them. Most of the 
problems are common to context-aware services. 
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1. Introduction 
Context-aware services are one of the most typical applications of pervasive computing.  Various computing and 
sensing devices are in fact already present in almost every room of modern buildings or houses and in many of the 
public facilities of cities.  New modalities generated from such devices are aware of contextual changes in the real 
world and services that are provided, e.g., transportation, healthcare, education, and public safety, for people 
according to their contexts.  Many academic or industrial researchers have explored context-aware services.  
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We have had several experiences with context-aware services in real spaces with real users.  For example, we 
provided context-aware services in museums and stores.  We have gained a great deal of knowledge from the 
experiences.  This paper presents many lessons learned from our experiences rather than our proposed systems.  
Since these lessons are common to other context-aware services, we believe that they will be useful to other systems. 
2. Experiment 
Let us now introduce one of our experiments on a context-aware service in a science museum as an example to 
discuss problems in context-aware services.  Most visitors in the museum lacked sufficient knowledge about exhibits 
and they needed supplemental annotations on these.  As their knowledge and experiences were varied, they may 
have become puzzled (or bored) if the annotations provided to them were beyond (or beneath) their knowledge or 
interest. To solve this problem, we constructed and provided a user/location-aware system to assist visitors at the 
Museum of Nature and Human Activities in Hyogo, Japan, using the proposed system.  We conducted the 
experiment over one month.  The experiment was carried out at several spots in front of specimens of stuffed 
animals, e.g., a bear, deer, racoon dog, and wild boar.  Each spot could provide five different pieces of animation-
based annotative content about the animals, e.g., their ethology, footprints, feeding, habitats, and features, and each 
had a display and a Spider's active RFID reader with a coverage range that almost corresponded to the space, as seen 
in the left of  
When a visitor entered a spot with the specimen of a racoon dog, his/her visual agent migrated from his/her 
pendant to the display located in the spot.  As we can see from the right of Fig. 1, a visual agent tied to the orange 
pendant plays the opening animation to inform that its target is a visitor with an orange pendant, where the animation 
displays the agent's character appearing as an orange pendant.  The experiment offered visitors animation-based 
annotative content about the animal in front of them so that they could learn about it while observing the 
corresponding specimen.  
Fig. 1. (a) First picture; (b) second picture. 
3. Lessons learned 
This section describes several problems that we were confronted with and discusses our solutions to them. 
3.1. Missing context-aware services 
Most existing experiments on context-aware services explicitly or implicitly assume that users can receive the 
services that have been provided to them.  However, in fact, users often fail to recognize their context-aware services 
due to one of the most critical problems in context-aware services.  Most visitors in our early experiment could not 
be provided with context-aware services because they did not know where they could receive the services.  They 
also wandered around the exhibition room and haphazardly entered enter certain places where they could receive the 
services. 
• While they were not at the right places, they could not know where and what services were provided to them 
because the services were available in certain contexts, e.g., particular locations and users. 
• Several users were surprised when they stood at places because they were suddenly provided with services, even 
when they had   knowledge about the availability of location-aware services at some places. 
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It was difficult for visitors to know where, when, who, what, and how context-aware services were provided, even 
if the services were available within small areas.  This is because context-aware services, e.g., location-aware, time-
aware, and user-aware, were only provided while the current contexts, e.g., locations, times, and users, satisfied the 
conditions of the services.  If these are provided in cities, it is almost impossible for people to find their services.  
This is a critical problem of context-aware services, in fact, in city-level spaces.  However, to the best of our 
knowledge, no researchers have discussed this problem. 
We provided a simple solution to this problem after several attempts.  We placed visual markers on the floor in 
front of places which location-aware services were provided to visitors. Figure 2 shows two kinds of markers we 
used. The first was a printing sheet and quoits. After doing this, all visitors could find the places.  This seemed to be 
a simple but effective approach to solving the problem. 
Fig. 2. (a) and (b) Markers on location-aware services and c) two or more visitors at a spot. 
3.2. Interactive vs. non-interactive services 
Context-aware services in public spaces can be classified into two modes. Non-interactive mode: Context-aware 
systems often have the ability to automatically adapt themselves to users' needs without their participation.  
Although this mode may not be able to support rich services, users do not have to explicitly operate the systems.  
Interactive mode: There are a variety of possible services provided by systems that support this mode, but users must 
explicitly operate the systems through devices.  Although there has been a great deal of work on computer usability, 
it is still difficult for children, elderly, and handicapped people to manipulate such devices. 
We should select the two modes according to users and services.  Several visitors were annoyed with interactive 
services because they only wanted to know about annotation on the exhibits.  Furthermore, interactive services often 
tend to lower the extent of visitors' learning experiences in museum, because they tend to be preoccupied with 
interactions. A solution to this problem makes annotation services context-aware.  However, it is difficult to detect 
users' contexts by using sensing systems.  Instead, we divided our annotation services into first and second halves.  
The first provided non-interactive annotation services and the second interactive ones.  We enabled visitors to 
receive annotations about the exhibits in the first and move to other exhibits without being provided with the second. 
3.3. Support to multiple users 
As discussed above, the experiment used stationary terminals instead of mobile terminals to enable visitors to pay 
their attention to seeing exhibitions as much as possible. Each stationary terminal may be shared by more than one 
visitor, whereas each mobile terminal can be carried and used by an individual visitor or a group of visitors. 
Stationary terminal have a problem that portable terminals do not have. 
In the experiment, we made five pendants with RFID tags so that at most five individual visitors or groups could 
participate at the same time. Children tended to gather the same spot as shown Fig. 2. Our system was equipped with 
a queuing mechanism for exclusively executing visual agents for multiple simultaneous visitors at each of the spots. 
When two visitors entered the same spot, the system activated the agent of either of them and displayed on the 
screen of a stationary terminal in the spot in the order in which they entered. However, they could not identify their 
a) c)b)
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agents or others, or incorrectly identify the agents of others as theirs. There were many visitors in museums so that 
we could not cope with conflicts caused by multiple users. 
To solve this problem, the experiment was designed to enable visitors to imagine that their agents, which were 
virtual owls, were within their pendant. Each visitor has a colored pendant including RFID tags, where these 
pendants are green, orange, blue, yellow, or red. He/she has a visual agent with color corresponding to the color of 
the pendant attached to the agent, because visitors could distinguish between their agents and others’ agents through 
their pendants’ colors. This may seem to be naive but it effectively enables visitors to readily identify their agents. 
This is available with other context-aware services in the IoT. 
3.4. How to solve human errors 
Several existing research projects implicitly assume that users always do as their system hope. However, many 
users do not this.  When we provided navigation services from the terminals in the experiment, some of the visitors 
did not follow the navigation services. They have two different types of human errors: users did not notice 
information from the navigation services and did not follow the navigation; or users noticed the information but their 
performance can be deficient. Human error is inevitable because no one is perfect. It may not be possible to 
completely prevent human error, but is very much possible to minimize or mitigate it. 
We have two approaches to solving the first error: the system provides users with the same information again; or 
enables users to know that they missed the information that they should know. To solve the second error, we have 
two approaches: the system informs users about their errors and then leave modification to them; or provides 
information for them to recovery themselves, even when they do not noticed their errors. However, users who 
missed visual information may miss visual warning information, because they paid their visual attention to other 
targets. 
The experiment notified visitors about their errors, when the system detected the errors through sensing systems, 
because it could not distinguish between the first and second errors. It provided visitors with audio information in 
addition to visual information, when it detected that they did not follow its navigation. 
3.5. Mobile terminals as obstacles in museums 
There have been several context-aware visitor assistant services in public spaces, e.g., museums and shopping 
malls. Most of them assume that visitors carry and access mobile terminals. However, visitors, in particular children, 
tend to be interested in devices, e.g., smart phones, tablets, RFID tags, and so on. Most of the visitors played with 
such devices, when the devices were in their hands.  Several academic projects have assumed that visitors used their 
mobile terminals. However, all the visitors do not have such terminals, because such terminals are still expensive 
and most of the visitors may be children. Most museums, in particular public museums, have avoided using mobile 
terminals, because they are too expensive to lend to visitors and they also require regular maintenance, e.g., 
replacing or recharging the batteries every day. In addition, one of the most serious problems associated with 
portable smart terminals is that they prevent visitors from focusing on the exhibits because they tend to become 
interested in the device rather than the exhibitions themselves and therefore concentrate on operating the buttons or 
touch panel of such terminals instead of looking at the exhibits. It may also be difficult for visitors, particularly 
children, elderly, and handicapped people, to manipulate the buttons or touch panels of portable terminals. There 
have been several academic attempts to use AR systems in museums, but the equipment for these systems tends to 
be expensive and fragile so that they cannot be operated without professional operators. Next, we explain our 
solution to this problem. In fact, cost issues represent one of the most serious problems in deploying context-aware 
services in the real world. As most museums have reduced staff for financial reasons, they must refuse any 
approaches that need more hands in daily operations. To use portable terminals in museums, companies except for 
museums should provide and operate them in cooperation with the museums, as we will discuss later. Stationary 
terminals may be more suitable than portable terminals in many cases if the former can be located in museums. To 
free visitors from the burden of complex operations of interacting with their visual agents and configuring their 
annotations, we used their movements between exhibits as implicit operations to select the annotations that they 
wanted to view/hear and to evaluate what they had learned from the exhibits because visitor movement is one of the 
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most basic and natural behaviors in museums. Our system detected the presence of visitors standing in front of 
specified exhibits and it deployed their user-aware services at stationary computers close to their current positions. 
They are responsible for providing visitors with personalized annotations about the exhibits that they were standing 
in front of and for recording the behaviors of visitors, e.g., the history of exhibits that the visitors had previously 
viewed. 
3.6. Rapid/easy installation and deployment 
However, existing real spaces are already been being used by people for their own purposes. Also, constructors of 
context-aware services in real spaces may not have any professional knowledge of context-awareness. We also tend 
to forget about logistics for context-aware systems.  The deployment and configuration of context-aware services in 
the real spaces have time limitations. We had to deploy, install, and configure the entire system, including location-
sensing systems and servers, by us within one day in the experiment, i.e., a day the museum was closed, without 
conducting any preparatory experiments in the exhibition room.  Since some artists wanted to use our context-aware 
system to provide their contents as media-arts, we lent the system to them. However, if they had had no professional 
knowledge of context-awareness, we may not have been able to help them. Our system was structurally constructed 
as a set of building blocks and easily assembled in the target space for a few hours to overcome these limitations. It 
supported an autonomic configuration for automatically detecting sensors and computers in a peer-to-peer manner. 
Our systems were encapsulated in portable containers as building blocks (Fig. 3), which were ISO-standardized 
stackable boxes for logistics. The containers could directly be used in carrying and operating the system. Since they 
were stackable, they could be easily and safely be carried by a logistics company. 
Fig. 3. Invisible installation (left) and invisible installation (right). 
3.7. Rapid/easy installation and deployment 
Many academic projects explicitly or implicitly assume that their context-aware services are provided in brand-
new spaces, e.g., buildings, floors, and rooms. 
There is no space for computers and sensors in real spaces, including cities. No power-lines and networks may be 
available. Furthermore, there may be no space for any management systems in experiments. These problems are 
common. For example, citywide context-aware services are often required to be monitored and managed at target 
spaces, which have no terminals for management tasks. In an experiment in the National Science Museum, the 
museum asked us to hide all devices from the view of visitors (the right of Fig. 4) 
It is more difficult to make legacy spaces than to build new smart spaces because of their constraints. The 
deployment of context-aware services needs to make existing spaces smart without losing any utility of the original 
spaces. Several museums have also required all devices to be invisible to visitors. 
Our system enabled administrators to operate and monitor the system through portable terminals instead of any 
stationary terminals. It provided Web-based APIs to create, control, and terminate agents in the current 
implementation. Therefore, an operator could create and customize agents through a Web browser running on his/her 
(portable) computer. The left of Fig. 4 shows our GUI interface for binding agents to users, running on a portable 
terminal equipped with a WiFi interface (Apple iPod Touch). Each runtime system provides an HTTP server to be 
monitored from the external systems for administration reason. 
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Fig. 4. Portable management terminal (left) and monitoring tool (right). 
4. Related Work 
There have been several context-aware services for museums with the aim of enabling visitors to view or listen to 
information about exhibits at the right time and in the right place and to help them navigate between exhibits along 
recommended routes. However, most existing attempts have been developed to the prototype stage and tested in 
laboratory-based or short-term experiments with professional administrators. They have also been designed in an ad-
hoc manner to provide specific single services in particular spaces, i.e., research laboratories and buildings. As a 
result, they have not been suitable for public spaces or for applications that they were not initially designed to 
support. In fact, there is a gap between laboratory-level or prototype-level systems and practical systems. Therefore, 
this section only discusses some related work that has provided real applications for real users in public spaces. 
One of the most typical approaches in public museums has been to provide visitors with audio annotations from 
portable audio players. These have required end-users to carry players and explicitly input numbers attached to the 
exhibits in front of them if they wanted to listen to audio annotations about the exhibits. Many academic projects 
have provided portable multimedia terminals or PDAs to visitors. These have enabled visitors to interactively view 
and operate annotated information displayed on the screens of their terminals, e.g., the Electronic Guidebook2, the 
Museum Project1, the Hippie system4, and ImogI3. They have assumed that visitors are carrying portable terminals, 
e.g., PDAs and smart phones and they have explicitly input the identifiers of their positions or nearby exhibits by 
using user interface devices, e.g., buttons, mice, or the touch panels of terminals. However, existing work has only 
involved short-term experiments with few participants. It has not described problems with context-aware services in 
the real world. 
5. Conclusion 
Context-aware services were one of the most typical applications of pervasive computing, which are seamlessly 
connecting the real and digital worlds. Although there have been many academic projects on context-aware services, 
many potential problems in the real world are not well known. This paper described several problems and our 
solutions to them. We believe these problems will become common in future smart cities. 
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